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An investigation on lung tissue damage and morphological
changes in newborns of pregnant rats exposed to

methidathion

Protective effects of caffeic acid phenethyl ester

Osman Sulak, MD, PhD, Gulnur Ozguner, MSc, Onder Sahin, MD, Orhan Bas, MD.
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Objectives: To investigate histopathological changes in
the lungs and morphological changes of newborn rats
whose mothers are exposed to methidathion (MD)
during their pregnancy, and also the effects of caffeic acid
phenethyl ester (CAPE) on these changes.

Methods: The study was conducted in the Faculty of
Medicine, Suleyman Demirel University, Isparta, Turkey
between May and June 2007. Fifty female Wistar albino
rats were randomly divided into 5 groups, as follows:
Group I (n=10): control group, Group II (n=10): 5mg/
kg/day MD treated group in the first 7 days of pregnancy,
Group III (n=10): 5 mg/kg/day MD + 10 pmol/kg/day
CAPE treated group in the first 7 days of pregnancy,
Group IV (n=10): 5mg/kg/day MD treated group in the
last 7 days of pregnancy, and Group V (n=10): 5 mg/kg/
day MD + 10 pmol/kg/day CAPE treated group in the
last 7 days of pregnancy. The MD was administrated by
oral gavage in corn oil, and the CAPE was administrated
intraperitoneally.

Results: Tremors, agitation, and spasm of extremities
were observed in pregnant rats after administration of
MD. Histopathological examination of lung tissues
revealed peribronchial inflammation, alveolar and
bronchoalveolar hemorrhage, intraparenchymal vascular
congestion and thrombosis, alveolar destruction, and
intraparenchymal infiltration.

Conclusions: Methidathion causes low weight gain and
deaths among pregnant rats, increases intrauterine fetus
deaths, causes low birth weights in the newborns, and
histopathological changes in the lung tissues of newborn
rats. The CAPE has an ameliorating effect on these
histopathological alterations.
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Organophosphate (OP) compounds are a diverse
group of chemicals used for both domestic
and agricultural purposes.! Organophosphates often
show their effects by inhibiting acetylcholinesterase
activity.? They are rapidly absorbed by the respiratory
and gastrointestinal system, and through the skin
as they are lipofilic.> A study carried out in the USA
investigated pesticide residues on children’s diets (fresh
vegetables, fruit, fruit juice, and milk products), and
determined 6 different pesticide residues including
methidathion (MD), methyl parathion, chlorpyrifos,
malathion, azinphosmethyl, and phosmet.* Blasco
et al’ investigated pesticide residues in honey sold in
Spanish and Portuguese markets, and determined OP
residues in 22%, and MD residues in 4% of 50 samples.
These studies show that OPs can be taken both directly
or via food residues. Farag et al® gave dimethoate
(which is one of the OP) to pregnant rats and observed
some symptoms such as tremors, weakness, salivation,
decrease in food consumption, and weight gain. They
also determined an increase in intrauterine fetus deaths,
and a decrease in live birth and fetal weight. Dabrowski
et al’ determined low birth weight in newborns of
women who work in agricultural fields, and therefore
exposed to OP insecticides. Similarly, Breslin et al®
determined low birth weight and an increase in deaths
in infants of pregnant rats exposed to chlorpyrifos.
Methidathion is one of the OP insecticides used against
pests of grape, nut, olive, and fruit trees, and in rose
fields. Methidathion is widely used in the Isparta region
(Agricultural Ministry Office of Isparta Province) of
Turkey. Previous studies also determined that MD causes
histopathological changes in kidney, liver, and blood
vessels of adult rats and increases lipid peroxidation in
rat liver.”"! It is possible for pregnant women who live in
the area, or working in agricultural fields to be exposed to
OPs. Previous studies determined that OPs are harmful
during pregnancy as they pass through the placenta.'
Therefore, the newborns of MD exposed pregnant
women are also affected by MD. Caffeic acid phenethyl
ester (CAPE) is an active component of honeybee
propolis. It has been stated that CAPE has no harmful
effects on normal cells.”> However, it is well known that
CAPE has anti-inflammatory,'* anticarcinogenic," and
antioxidant properties.'®" Reviewing related literature
showed that the harmful effects of MD on lung tissues
of adults, pregnant, and newborns have not yet been
thoroughly investigated. This study, therefore, aims to
investigate changes in the lungs of newborn rats whose
mothers are exposed to MD during their pregnancy, and
also the beneficial effects of CAPE on these changes.

Methods. Animals and treatment. This study was
conducted in the Faculty of Medicine, Suleyman
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Demirel University, Isparta, Turkey between May and
June 2007. Fifty adult (4 months old) female Wistar
albino rats (mean weight between 140-200 gr) obtained
from the Laboratory of Animal Production Unit at
Suleyman Demirel University (Isparta, Turkey), were
used in the experiment. This study was approved by the
Suleyman Demirel University Animal Research Ethics
Committee (approval date 23/12/2005 and number
12/09). This experiment was carried out in accordance
with the National Guidelines for the Care and Use
of Laboratory Animals. Temperature was maintained
at 23+2°C, and a relative humidity of approximately
50%, with a 12 hour light/dark photo period. Animals
were housed in a plastic cage individually and had free
access to standard rat chow and tap water. Fifty rats
were randomly divided into 5 groups, as follows: Group
I: control (n=10), Group II: MD-treated group in the
first 7 days of pregnancy (5mg/kg/day, by oral gavage in
corn oil) (n=10), Group III: MD + CAPE-treated group
in the first 7 days of pregnancy (5 mg/kg/day, by oral
gavage in corn oil and 10 pmol /kg/day intraperitoneally
[i.p.]) (n=10), Group IV: MD treated in the last 7 days
of pregnancy (5mg/kg/day, by oral gavage in corn oil)
(n=10), Group V: MD + CAPE treated group in the last
7 days of pregnancy (5 mg/kg/day, by oral gavage in corn
oil and 10 pmol/kg/day, i.p.) (n=10). Fifty females (10
in each group) were paired with a male (1:1) overnight,
and were examined for the presence of a vaginal plug
the following morning. The day on which a vaginal plug
was observed was considered day one of gestation. The
MD (Sygenta, Zurich, Switzerland) was administered by
oral gavage in corn oil at a dose of 5mg/kg body weight.
The CAPE (Sigma Chemical Co., St. Louis, MO, USA)
was co-administered i.p at a dose of 10 pmol/kg/day.
Corn oil was given by oral gavage at a dose of 5mg/kg
body weight to the control group. The pregnant rats
were examined following the administration of MD for
signs of toxicity. Maternal body weight was recorded on
gestational days of 1, 7, 14, and 20. Newborn weights
were recorded at the end of the pregnancy period.
Newborns were examined for any macroscopic anomaly
and malformations. The lungs were examined for any
macroscopic anomaly and pathology.

Histological examination. Ten lung tissue samples
were selected from each group by a systematic random
sampling method. Lung tissue samples were initially
fixed in 10% neutral buffered formaldehyde solution.
After dehydration procedures, the samples were blocked
in parafhn. Four pm sections were cut and stained with
hematoxylin-eosin. Mounted slides were examined
under a light microscope (Nikon microscope ECLIPSE
E600W, Tokyo, Japan) and photographed using a
digital camera (Microscope Digital Camera DP70,
Tokyo, Japan). Evaluation of the lung histological
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damage was accomplished by scoring its degree of
severity according to previously published methods.'*"
In the criteria for evaluation of the peribronchial
inflammation (PI), alveolar hemorrhage (AH) and
bronchoalveolar hemorrhage (BAH), intraparenchymal
vascular congestion and thrombosis, alveolar destruction
(AD), and intraparenchymal infiltration (II) changes
were based on intensity and diffusion of staining in the
samples. Intensity and diffusion of these observations
were separately numbered 0 to 3 + A semiquantitatively.
Following this procedure, the counted values were
summed in each section, recombining the values of
intensity and diffusion (called the ‘degree of staining’)
as follows: 0: no changes; 1+: minimal; 2+: low;
3+ moderate; 4+: strong; 5+: heavy; and 6+: most
heavy.'$19

Statistical analysis. Data were presented as mean +
standard deviation (SD). As the data of histopathological
changes were considered to be non-parametric, Kruskal-
Wallis and Man-Whitney U tests were performed
for statistical analyses. A level of 5% (p<0.05) was
considered statistically significant. The maternal weight
gain and the newborn weights were analyzed using
one-way ANOVA test. Data were analyzed using SPSS
Statistical Package Version 15.0 (SPSS Inc, Chigago, IL,
USA).

Results. Twenty-eight pregnant rats (4 in controls,
8 in group I, 5 in group III, 6 in group IV, and 5 in
group V) were included in the experiment. Following
the administration of MD tremors, agitation, and
spasm of extremities were observed in pregnant rats
in 1-2 minutes. Some of the rats in the experimental
groups died during their pregnancy (Table 1). When
the uteri of these rats were opened, it is observed that all
fetuses were resorbed. No significant differences were
determined for pregnancy periods between experiment
and controls. The pregnant rats were labored between
the 21st and 22nd day of their pregnancy. When weight
gains during the pregnancy were compared between
groups, it is determined that mean weight gains of rats

Table 1 - Variables of rats used in the experiment.
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in the experimental groups were significantly lower
than mean weight gain of rats in the control group
(Table 1). Table 1 shows newborn rat numbers and their
mean weight by groups. The mean weight of newborn
rats in group II and group III was compared to the
controls and no significant difference was determined
(p>005). However, the mean weight of newborn rats
in group IV and group V was significantly lower than
that in the control group (p<0.05). When group IV
and group V were compared, it is determined that
the mean weight of newborn rats in group IV was
lower than that in group V (p<0.05). No anomalies
or pathologies were observed in the morphological
examinations of newborn rats. Three days after the
end of pregnancy, newborn rats were decapitated and
their lungs dissected. In macroscopic examination of
lungs, some bleeding points were observed. When the
control group was compared to the experimental groups
for histopathological changes, PI, AH, and BAH,
intraparenchymal vascular congestion and thrombosis,
AD, and II were determined in the experimental groups
(Figure 1). Comparisons of these histopathological
changes by groups are presented in Table 2. When group
I (MD and CAPE administered together during the
first period of pregnancy) was compared to controls,
it was observed that all histopathological changes were
significantly recovered except AH and BAH (Table 2).
When Group V (MD and CAPE administered together
during the last period of pregnancy) was compared to
controls, significant recoveries were only observed on
intraparenchymal vascular congestion and thrombosis
(Table 2).

Discussion. This study investigated fetal toxicity
in pregnant rats exposed to MD in the first and last
period of their pregnancy and the beneficial effects
of CAPE on these changes. In our study, tremors,
agitation, and spasms of extremities were observed in
a short time following the administration of MD to
pregnant rats. Breslin et al® determined tremors and
salivation in pregnant rats exposed to chlorpyrifos

Variables Group 1 Group II Group III Group IV Group V
Total number of rats 10 10 10 10 10
Pregnant 4 8 5 6 5
Labored 4 3 3

Died during their pregnancy 0 4 2 3 1
Newborn rats 38 26 27 20 26
Mean weights of newborn rats (g) + 5.88+0.72 5.67 + 0.50 5.91 + 0.45 4.70 £ 0.61 5.34 +0.75

standard deviation

Mean weight gains of pregnant rats, (g) 83.25+11.3
+ standard deviation

57.75 + 8.1 60.33 + 2.0 49.33 +11.5 66.0 £ 9.4

www.smj.org.sa  Saudi Med J 2010; Vol. 31 (10) 1097
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Figure 1 - Histopathologic findings in: a) group I - normal lung in

the control (Hematoxylin and Eosin [H&E] x 4), b) group
IT - peribronchial inflammation (PI), intraparenchymal
infiltration  (II),  alveolar  destruction  (arrow),
bronchoalveolar hemorrhage (BAH), alveolar hemorrhage
(AH) (H&E x 4), ¢) group III - decrease in PI, II, alveolar
destruction, BAH, and AH with CAPE (H&E x 4), d)
group IV - in respect of group II more increased BAH,
and AH (H&E x 4), e) group V - compared with group III
less decreased in BAH and AH with caffeic acid phenethyl
ester (H&E x10). Arrows - alveolar destruction

Table 2 - Mean values and standard deviations of histopathological changes in lung tissues by groups.

Hispathological changes Group I Group III Group IV Group V
Peribronchial inflammation 0.2 +0.63 1.0 £ 1.05* 2.7 £0.48* 1.4 +0.96*
Alveolar hemorthage and 0.00 £ 0.00 L1+ 119 54£051% 231048
bronchoalveolar hemorrhage

Incraparenchymal vascular 02+0.42 02+0.63* 28:042* 10z 1.05°
congestion and thrombosis

Alveolar destruction 0.00 + 0.00 0.6 + 0.96* 29+0.31* 0.8 + 1.03*

*significant differences at 0.05 level
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between the sixth and fifteenth days of their pregnancy.
Farag et al® gave dimethoate to pregnant rats between
the sixth and fifteenth of their pregnancy and observed
tremors, weakness, salivation, and decreasing food
consumption, and weight gain. In our study, tremors,
agitation, and spasms of extremities were observed
following MD administration, consistent with the
results of Breslin et al,® and Farag et al.® However, in
contrast to the studies of Breslin et al® and Farag et al,®
salivation was not observed in this study. Furthermore,
our study determined decreasing maternal weight gain
in the experimental groups, which is consistent with the
studies of Farag et al.® Therefore, it is believed that MD
causes maternal toxicity leading to decreased appetite
and weight loss.

In the present study, 6 rats in the first period of
pregnancy, and 4 rats in the last period of pregnancy
died. Moreover, the numbers of newborn rats in the
experimental groups were less than the control group.
Birth weights of newborn rats in the experimental groups
were also significantly lower. During the literature
review, we did not come across any study suggesting
that OPs can cause death in pregnant rats. However,
previous studies reported that OPs cause a decrease
in live fetus numbers, and an increase in intrauterine
resorptions in the early period of the pregnancy.®® In
our study, we observed deaths among pregnant rats
exposed to MD during the first and the last periods of
pregnancy. Systemic maternal toxicity of MD leading
to feeding disorders in pregnant rats, and direct toxicity
leading to resorptions in the first period may cause a
decrease in live fetus number.

This study determined low birth weights in newborn
rats whose mothers were exposed to MD in the last
period (groups IV and V) of their pregnancy (Table 1).
We observed that the toxic effects of MD were high in
newborns of pregnant rats exposed to MD in group IV.
Weights of newborns in group V, in which MD and
CAPE were administered together in the last period of
the pregnancy, were higher than those in group IV in
which only MD was administered. These results suggest
that CAPE reduces the harmful effects caused by MD
in the last period of pregnancy. Previous studies also
determined low birth weights in newborn rats whose
mothers were exposed to chlorpyrifos and dimethoate.®®
Whyatt et al'? determined low birth weights in
newborns of pregnant women exposed to OPs, and
Dobrowski et al” revealed low birth weight in newborns
of pregnant farmers exposed to OPs. In this study, we
did not observe any organ or skeleton anomalies in the
morphological examinations of newborn rats. Farag et
al® did not observe any external, visceral, or skeleton
anomalies in newborn rats whose mothers were exposed

to low doses of dimethoate. The present study used low
doses of MD and did not determine any morphological
pathology and/or anomaly. Therefore, it is believed that
OPs cause dose-dependent pathology or anomalies in
newborn rats.

Limitation of our study: MD is one of the OP
insecticides that caused some deaths in pregnant rats
during the experiment.

In reviewing related literature, we did not find other
histopathological studies on newborn and pregnant
rats exposed to MD. However, previous studies
determined that one of the OPs, chlorpyrifos-ethyl,
caused mononuclear cell infiltration in peribronchial
and perivascular areas of the lungs, and thickened
and increased connective tissues in adult rats.”’
Caffeic acid phenethyl ester has reduced peribronchial
and intraparenchymal lymphocyte and macrophage
infiltration in lungs of rats administered with lithium."
Another study carried out by Ozyurt et al*! showed that
CAPE reduced pulmonary fibrosis of lungs caused by
bleomycin. In line with the above studies, our results
also showed that MD causes the above mentioned
histopathological changes in the lungs of newborn rats,
and CAPE, which hasantioxidantand anti-inflammatory
effects ameliorates these histopathological changes.

In the light of these findings, we concluded that MD
causes an increase in intrauterine fetal deaths, causes
low birth weights in newborns, and histopathological
changes in the lung tissues of newborn rats. We also
conclude that CAPE has ameliorating effects on these
histopathological alterations. We hope that present
results can be considered as providing useful findings
for future studies.

References

1. Aluigi MG, Angelini C, Falugi C, Fossa R, Genever B, Gallus
L, et al.Interaction between organophosphate compounds and
cholinergic functions during development. Chem Biol Interact
2005; 157-158: 305-316.

2. Carr RL, Richardson JR, Guarisco JA, Kachroo A, Chambers
JE, Couch TA, et al. Effects of PCB exposure on the toxic
impact of organophosphorus insecticides. Toxicol Sei 2002; 67:
311-321.

3. Zendzian RP. Pesticide residue on/in the washed skin and its
potential contribution to dermal toxicity. J Appl Toxicol 2003;
23:121-136.

4. Fenske RA, Kedan G, Lu C, Fisker-Andersen JA, Curl CL.
Assessment of organophosphorous pesticide exposures in the
diets of preschool children in Washington State. J Expo Anal
Environ Epidemiol 2002; 12: 21-28.

5. Blasco C, Ferndndez M, Pena A, Lino C, Silveira MI, Font G,
et al. Assessment of pesticide residues in honey samples from
Portugal and Spain. J Agric Food Chem 2003; 51: 8132- 8138.

Saudi Med J 2010; Vol. 31 (10) 1099

WWW.Smj.org.sa



10.

11.

12.

13.

1100 Saudi Med J 2010; Vol. 31 (10)

MD induced lung damage: effects of CAPE ... Sulak et al

. Farag AT, Karkour TA, El Okazy A. Developmental toxicity of

orally administered technical dimethoate in rats. Birth Defects

Res B Dev Reprod Toxicol 2006; 77: 40-46.

. Dabrowski S, Hanke W, Polariska K, Makowiec-Dabrowska T,

Sobala W. Pesticide exposure and birthweight: an epidemiological
study in Central Poland. Int ] Occup Med Environ Health 2003;
16: 31-39.

. Breslin WJ, Liberacki AB, Dittenber DA, Quast JE Evaluation

of the developmental and reproductive toxicity of chlorpyrifos

in the rat. Fundam Appl Toxicol 1996; 1: 119-130.

. Sulak O, Altuntas I, Karahan N, Yildirim B, Akturk O, Yilmaz

HR, et al. Nephrotoxicity in rats induced by organophosphate
insecticide methidathion and ameliorating effects of vitamins E
and C. Pesticide Biochemistry and Physiology 2005; 83: 21-28.
Sutcu R, Altuntas I, Yildirim B, Karahan N, Demirin H,
Delibas N. The effects of subchronic methidathion toxicity on
rat liver: role of antioxidant vitamins C and E. Cell Biol Toxicol
2006; 22: 221-227.

Yavuz T, Delibas N, Yildirim B, Altuntas I, Candir O, Cora A, et
al. Vascular wall damage in rats induced by organophosphorus
insecticide methidathion. Toxicol Lett 2005; 155: 59-64.
Whyatt RM, Rauh V, Barr DB, Camann DE, Andrews HE
Garfinkel R, et all. Prenatal insecticide exposures and birth
weight and length among an urban minority cohort. Environ
Health Perspect 2004; 112: 1125-1132.

Doganay S, Turkoz Y, Evereklioglu C, Er H, Bozaran M, Ozerol
E. Use of caffeic acid phenethyl ester to prevent sodium-selenite-
induced cataract in rat eyes. J Cataract Refract Surg 2002; 28:
1457-1462.

14.

15.

16.

17.

18.

19.

20.

21.

Koltuksuz U, Mutus HM, Kutlu R, Ozyurt H, Cetin S, Karaman
A, et al. Effects of caffeic acid phenethyl ester and epidermal
growth factor on the development of caustic esophageal stricture
in rats. J Pediat Surg 2001; 36: 1504-1509.

Chen Y], Shiao MS, Wang SY. The antioxidant caffeic acid
phenethyl ester induces apoptosis associated with selective
scavenging of hydrogen peroxide in human leukemic HL-60
cells. Anticancer Drugs 2001; 12: 143-149.

Irmak MK, Koltuksuz U, Kutlu NO, Yagmurca M, Ozyurt
H, Karaman A, et al. The effect of caffeic acid phenethyl ester
on ischemia-reperfusion injury in comparison with alpha-
tocopherol in rat kidneys. Urol Res 2001; 29: 190-193.

Ozyurt H, Irmak MK, Akyol O, Sogut S. Caffeic acid phenethyl
ester changes the indices of oxidative stress in serum of rats with
renal ischaemia-reperfusion injury. Cell Biochem Funct 2001;
19: 259-263.

Fidan F, Unlu M, Sezer M, Sahin O, Tokyol C, Esme H. Acute
effects of environmental tobacco smoke and dried dung smoke
on lung histopathology in rabbits. Pathology 2006; 38: 53-57.
Sahin O, Sulak O, Yavuz Y, Uz E, Eren I, Ramazan Yilmaz H,
et al. Lithium-induced lung toxicity in rats: the effect of caffeic
acid phenethyl ester (CAPE). Pathology 2006; 38: 58-62.
Karaoz E, Gultekin F, Akdogan M, Oncu M, Gokcimen A.
Protective role of melatonin and a combination of vitamin C
and vitamin E on lung toxicity induced by chlorpyrifos-ethyl in
rats. Exp Toxicol Pathol 2002; 54: 97-108.

Ozyurt H, Sogiit S, Yildirim Z, Kart L, Iraz M, Armutgu E, et al.
Inhibitory effect of caffeic acid phenethyl ester on bleomycine-
induced lung fibrosis in rats. Clin Chim Acta 2004; 339: 65-
75.

Ilustrations, Figures, Photographs

Four copies of all figures or photographs should be included with the submitted manuscript. Figures
submitted electronically should be in JPEG or TIFF format with a 300 dpi minimum resolution and
in grayscale or CMYK (not RGB). Printed submissions should be on high-contrast glossy paper, and
must be unmounted and untrimmed, with a preferred size between 4 x 5 inches and 5 x 7 inches (10
x 13 cm and 13 x 18 cm). The figure number, name of first author and an arrow indicating “top”
should be typed on a gummed label and affixed to the back of each illustration. If arrows are used these
should appear in a different color to the background color. Titles and detailed explanations belong in
the legends, which should be submitted on a separate sheet, and not on the illustrations themselves.
Written informed consent for publication must accompany any photograph in which the subject can be
identified. Written copyright permission, from the publishers, must accompany any illustration that has
been previously published. Photographs will be accepted at the discretion of the Editorial Board.

WWW.Smj.org.sa



